Objectives: Areca nut is widely consumed in many parts of the world, especially in South and Southeast Asia, where cardiovascular disease (CVD) is also a huge burden. Among the forms of CVD, acute coronary syndrome (ACS) is a major cause of mortality and morbidity. Research has shown areca nut chewing to be associated with diabetes, hypertension, oropharyngeal and esophageal cancers, and CVD, but little is known about mortality and re-hospitalization secondary to ACS among areca nut users and non-users.
INTRODUCTION
Approximately 600 million individuals throughout the world chew areca nut, making it the fourth leading form of substance abuse worldwide, and more than a quarter of areca nut users live in South Asia [1, 2] . Areca nut chewing is emerging as a public health challenge in many Western countries due to the immigration of youth from Asia and Africa to these coun-increases the risk of ACS by 3-fold (odds ratio [OR], 3.5; 95% confidence interval [CI], 2.0 to 6.2) [25] . However, there is little published evidence regarding the relationship of long-term areca nut chewing with the prognosis of patients who develop ACS. Given that 15 to 30% of patients with ACS either are rehospitalized or die within 30 days of the acute event, it is important to understand the effects of areca nut chewing on the prognosis of these patients. Therefore, the purpose of the study was to determine the short-term (30-day) risk of re-hospitalization and mortality among ACS patients according to baseline areca nut chewing.
METHODS

Study Setting
This study was a hospital-based prospective cohort study conducted in 2014-2015. The study was conducted at the Department of Cardiology, Civil Hospital Karachi and the National Institute of Cardiovascular Diseases. Both of these are tertiary care hospitals, serving more than 60% of CVD patients in Karachi, the largest city of Pakistan, at low cost.
Cohort Selection
ACS represents "a set of clinical sign and symptoms similar to acute myocardial ischemia, covering clinical conditions from unstable angina to none-ST-segment elevation myocardial infarction (NSTEMI) to ST-segment elevation myocardial infarction (STEMI)" [26] .
Patients were diagnosed with ACS by a consultant cardiologist at the time of presentation with any of the following conditions:
STEMI: "A history of typical chest pain for more than 20 minutes with ST elevation at the J point of ≥2 mm (0.2 mV) in at least 2 contiguous leads in males ≥1.5 mm (0.15 mV) in females in leads V2-V3, or ≥1 mm (0.1 mV) in other contiguous chest or the limb leads. " NSTEMI: "A history of typical chest pain for >20 minutes with electrocardiogram (ECG) changes such as ST depression and raised creatine kinase-MB (CKMB) enzymes and troponin levels. " Unstable angina: The presence of 1 or more of the following presentations without elevated CKMB enzymes or troponin was labeled as rest angina (usually lasting >20 minutes), new-onset angina (<2 months previously), or an increased pattern of occurrence (increasing in duration, intensity, and/ or frequency).
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Only newly admitted patients 30-70 years of age with a diagnosis of ACS at the time of admission were included in the study. Subjects with congenital heart disease, any previous or family history of ACS, or valvular or rheumatic heart disease were excluded from this study.
Data Collection Tool
A standardized questionnaire was used by a team of welltrained researchers to interview patients, gathering information about their demographic characteristics, lifestyle, health behaviors, and history of chewing areca nut. All information was collected by face-to-face interviews with patients within the first 48 hours of hospital admission.
The socio-demographic measures included age (30-40, 40-50, 50-60, and >60 years), sex (male or female), monthly income (used to define socioeconomic status [SES] as below average or average) and employment status (employed or unemployed). Health behaviors, particularly physical activity, were captured through self-reporting, and patients who reported no activity or less than 150 minutes of activity per week were labeled as physically inactive. Patients were also asked about their smoking status, and based on their responses were classified as "never smokers (those who had never smoked a cigarette), current smokers (those who reported smoking at least 100 cigarettes during their lifetime and reported smoking every day or some days at the time of participation), and ex-smokers (individuals who had quit smoking for at least 6 months)". Physical measures included measurements of weight, height, blood pressure, and body mass index (BMI, kg/m 2 ). BMI was categorized according to the standard World Health Organization BMI cut-offs that classify "normal weight as <23.0 kg/m 2 , overweight as 23.0-26.9 kg/m 2 , and obese as ≥27.0 kg/m 2 " [27] . Patients were classified as having DM if they had "a self-reported history of DM, were on anti-diabetic medications, or had abnormal fasting blood glucose levels (blood glucose concentration ≥110 mg/dL)". HTN was defined as "a blood pressure ≥140 (systolic)/90 (diastolic) mmHg, previously diagnosed HTN, the usage of anti-hypertensive medications".
According to the guidelines of the American Heart Association, the current pathway for assessing patients who may have ACS is based on the following 4 main diagnostic tools: "clinical history, ECG results, levels of cardiac markers, and the results of stress testing. On the basis of this initial information, patients are assigned to one of 4 categories: a non-cardiac diagnosis, chronic stable angina, possible ACS, or definite ACS". Based on the diagnosis made by the cardiologist, we generated a variable for the initial severity of disease. Respondents with 'unstable/mild angina' were classified as having 'non-severe disease' , whereas 'possible myocardial infarction/definite' ACS were considered to indicate 'severe initial disease' .
Exposure Definition
Patients who persistently consumed areca nut on daily basis (on average 2-3 times a day) for more than 5 years were considered to be exposed [28, 29] , and were coded as 'yes' for this variable, while those who never used or had quit consuming areca for more than a year were considered to be non-exposed and coded as 'no' for this variable. Patients categorized as exposed were asked about the form of areca nut they used. Respondents who consumed "unripe or ripe; whole or sliced; raw, roasted, or sun-dried; boiled or soaked in water; or fermented (under mud) areca nut" were considered to consume areca nut 'without additives' . In contrast, "mixtures of areca nut and flavoring ingredients with processed tobacco leaves, slaked lime, catechus, sweeteners, spices, piper betel, and essences" were considered to be forms 'with additives or tobacco' [30] .
Follow-up
The follow-up of ACS patients started once they were discharged from the hospital. Patients were followed regularly in the outpatient clinic, and the final outcomes were recorded after 30 days had passed from the time of discharge. The outcomes: 30-day mortality and 30-day re-hospitalization were measured separately. Mortality was defined as death within 30 days due to any cardiac problem from the index admission date, and re-hospitalization was defined as readmission to the hospital due to any cardiac problem within 30 days from the discharge date. Therefore, 2 survival times were defined: the time from entry to death from CVD (within 30 days) and the time from entry to re-hospitalization (within 30 days) due to any cardiac problems.
For patients who did not return in 30 days, a telephone call was made by the researchers to evaluate their vital status and any cardiac re-hospitalization event in the 30 days after discharge. Only the first re-hospitalization within 30 days of discharge was considered a 30-day readmission. However, if a readmitted patient died within this 30-day period, then in the re-hospitalization multivariate model, that patient's follow-up was truncated at the date of re-hospitalization.
Sample Size Estimation
The sample size was calculated using the expected proportions of mortality in the exposed (30%) [31] and unexposed (15%) groups with a 95% confidence level and 80% power of the test. Accordingly, the minimum sample size for this study was 268, which was upsized to reduce estimation bias from loss to follow-up. The final estimated sample size was 384.
Ethical Approval
The study protocol was approved by the institutional review board (IRB) of Dow University of Health Sciences, Karachi, Pakistan (IRB no. IRB-514/DUHS/-14). Informed consent was obtained from all study participants prior to conducting the study.
Statistical Analysis
For data analysis, Stata version 11 (StataCorp., College Station, TX, USA) was used. Demographic characteristics, history of substance use, and the prevalence of comorbidities in patients with ACS were recorded. The statistical analysis included the chi-square test, as well as Cox proportional hazards regression with a significance level of 0.05 to examine the associations of areca use and other explanatory variables with 30-day mortality and re-hospitalization, which were the dependent variables used in the current study. Univariate analyses were performed using a Cox proportional hazards regression model to estimate the magnitude of the effect of areca nut chewing on 30-day mortality and re-hospitalization of ACS patients. Multivariable proportional hazards regression models were further applied, and the adjusted hazard ratio (aHR) for areca nut chewing was computed after adjusting for the confounders identified in the univariate analyses (p=0.25) separately for both 30-day mortality and re-hospitalization, including the following covariates: age, sex, BMI, smoking status, initial severity of disease, SES, exercise status, employment status, DM, and HTN.
RESULTS
A total of 384 patients with ACS were included in this study, among whom 38.2% (n =147) were diagnosed with severe disease. During 1-month follow-up, death occurred in 20.3% (n=78) of the patients and re-hospitalization in 25.0% (n=96). Of the patients, 49.5% (n=190) were areca nut users, among whom 78.9% (n=150) were users of areca nut with additives.
A significant association was observed between areca use and 30-day re-hospitalization (p<0.001).
Further, significant associations were found between disease severity and 30-day mortality (p<0.001) and re-hospitalization (p<0.001). Among the patients with severe initial disease, 39.5% (n =58) were re-hospitalized and 34.0% (n =50) died within the 1-month follow-up.
Of the ACS patients, 72.1% (n=277) were male and 27.9% (n=107) were female. Males were more likely to use areca nut with tobacco additives than females (p=0.008). Death within 30 days occurred in 22.0% (n=61) of the male patients and 15.9% (n=17) of the female patients, and re-hospitalization took place in 25.6% (n=71) of the male patients and 23.4% (n=25) of the female patients. However, no statistically significant association was found between sex and 30-day mortality (p=0.18) or 30-day re-hospitalization (p=0.65).
Of the 286 smokers, 29.6% (n=114) were current smokers and 18.8% (n=72) were ex-smokers. The 30-day mortality rate was 32.5% (n=37) and 13.9% (n=10) in current smokers and ex-smokers, respectively, and the 30-day re-hospitalization rate was 35.1% (n=40) and 19.4% (n=14) in current smokers and ex-smokers, respectively. Respondents with a normal BMI (n =80), overweight (n =200), and obesity (n =104) had 30-day mortality rates of 23.7% (n=19), 24.0% (n=48), and 10.6% (n =11), respectively, and 30-day re-hospitalization rates of 28.8% (n=23), 27.0% (n=54), and 18.3% (n=19), respectively. The chi-square test showed significant associations of current smoking with 30-day mortality (p<0.01) and re-hospitalization (p =0.01). Furthermore, BMI was also significantly (p = 0.01) associated with mortality among the ACS patients.
Among the patients with DM, 12.9% (n=17) died, whereas 87.1% (n=115) remained alive over the 30-day follow-up, and 19.7% (n=26) were re-hospitalized. Similarly, among patients with HTN, 16.4% (n=32) and 23.6% (n=46) died and were rehospitalized, respectively. A significant association was observed between DM and 30-day mortality (p=0.009). There were no significant associations of mortality and re-hospitalization with age, SES, employment status, or HTN. Table 1 summarizes the basic characteristics of the study sample.
Univariate Analyses
In the univariate Cox proportional hazards regression analyses, areca nut users had a higher risk of 30-day re-hospitalization (hazard ratio [HR], 2.09; 95% CI, 1.37 to 3.18; p<0.001) and 30-day mortality (HR, 1.43; 95% CI, 0.91 to 2.24; p=0.11)
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than non-users. Moreover, patients with severe disease had a higher risk of both 30-day re-hospitalization (HR, 2.69; 95% CI, 1.79 to 4.06; p<0.001) and 30-day mortality (HR, 3.17; 95% CI, 1.99 to 5.03; p<0.001). Current smokers also had a higher risk 
Multivariate Analyses
Areca nut chewers had a significantly increased risk (aHR, 2.05; 95% CI, 1.29 to 3.27; p=0.002) of re-hospitalization within 30-days compared with non-chewers after adjusting for disease severity, SES, employment status, physical activity, smoking status, and DM. Patients diagnosed with severe disease had a significantly higher risk of re-hospitalization (aHR, 2.72; 95% CI, 1.73 to 4.26; p<0.001). Current smokers (aHR, 1.28; 95% CI, 0.81 to 2.04; p=0.28) had a higher but non-significantly increased risk of re-hospitalization compared with nonsmokers. Respondents who had below-average SES, were unemployed, were physically active, or had DM showed lower but non-significantly reduced risks of 30-day re-hospitalization.
Respondents who chewed areca nut had a slightly increased risk of 30-day mortality (aHR, 1.65; 95% CI, 0.99 to 2.75; p=0.05) compared with non-chewers after adjusting for sex, disease severity, SES, employment status, smoking status, DM, and HTN. However, we also observed a significant higher risk of 30-day mortality (aHR, 2.77; 95% CI, 1.67 to 4.59; p<0.001) among patients with severe disease. Females (aHR, 1.15; 95% CI, 0.54 to 2.42; p=0.71) were found to be at a higher but nonsignificant increased risk for 30-day mortality compared with males. Individuals, who had below-average SES, were unemployed, or had DM or HTN had a lower but non-significant reduced risk of 30-day mortality ( Table 3) .
The overall findings of a significant increase in the risk of rehospitalization and a non-significant increase in the risk of mortality remained consistent when the analyses were stratified based on HTN ( Figure 1 ) and DM (Figure 2 ).
DISCUSSION
The findings of this study suggest that ACS patients who are long-term users of areca nut may have a slightly higher risk of 30-day mortality than non-users. This finding was not statistically significant when we controlled for other potential confounding factors such as smoking status, SES, the severity of disease, sex, and history of HT or DM. However, the severity of disease in ACS patients was found to be significantly related to the risk of 30-day re-hospitalization and mortality. Furthermore, we observed a significantly higher risk of 30-day re-hospitalization among ACS patients who were areca nut users than among non-users. The doubled risk of re-hospitalization remained consistent when we accounted for the effects of age, sex, severity of disease, history of HTN, and other covariates. These findings are not directly comparable with any published findings, as to our knowledge no previous evidence has been reported regarding the relationship of areca nut chewing to the prognosis of ACS patients.
Some studies have reported that areca nut chewers had significantly higher risks of cardiovascular and all-cause mortality 
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than non-users [18, 19] . The increase in mortality may be due to a higher risk of developing coronary artery disease [25] , atrial fibrillation [32] , and other forms of CVD [22] in the first place among areca nut chewers than among non-chewers. Since areca nut chewers are at a higher risk of developing CVD's, they may experience high rates of cardiovascular and all-cause mortality later on compared with non-chewers. Our study also highlights the role of areca nut chewing in the prognosis of ACS patients after the acute event. Our findings suggest a slight increase in mortality and a significant risk of re-hospitalization among chewers compared with non-chewers. Several potential pathways can explain the observed difference in mortality and re-hospitalization between areca nut chewers and non-chewers. Areca nut chewing is strongly linked with established CVD risk factors, including obesity [33] , HTN [21] , DM, and metabolic syndrome. Furthermore, recent studies have also reported that areca nut chewing increased systemic inflammation both in young [34] and middle-aged individuals [33] . Elevated inflammation may also explain the observation of subclinical atherosclerosis manifesting as increased carotid intima media thickness among areca nut chewers compared with nonchewers [20] . In essence, the higher prevalence of CVD risk factors coupled with elevated systemic inflammation and un- derlying atherosclerosis may explain the poor prognosis of areca nut chewers after ACS. However, the exact underlying biological mechanism that leads to repeated hospitalization and a slight increase in the risk of death needs further exploration.
To our knowledge, this is the first clinical study to examine the relationship between areca nut chewing and the shortterm prognosis of ACS patients. The prospective design and reasonably large sample with clinically diagnosed ACS make the findings of this study fairly robust. However, certain limitations need to be highlighted. The sample of this study was recruited from 2 public sector hospitals, and the majority of the patients were from low to lower-middle socioeconomic classes, which may limit the generalizability of this study. However, the areca nut chewing habit is also remarkably common in these SESs of the population [35] , especially in comparison with the upper-middle and upper socioeconomic classes. Therefore, the sample recruited for this study may nonetheless be representative of middle-aged and elderly areca nut users in our population. Secondly, we relied on self-reporting of cigarette smoking and other health risk behaviors, which may have some potential to bias our results. For instance, the higher risk of re-hospitalization observed in this study may have been due to a differential distribution of health risk behaviors between areca nut chewers and non-chewers. Secondhand smoke is a particular concern in this regard, as higher exposure to secondhand smoke among areca nut chewers may have led to increased re-hospitalization in this group. This is fairly plausible because many health risk behaviors are usually clustered together, and it may be reasonable to assume that areca nut chewers would have a higher exposure to secondhand smoke than non-chewers. We do not have any evidence to support this possibility, but if it is true, the findings of this study may have been prone to confounding bias, which remains the major limitation of this study. Nevertheless, we attempted to control for the potential confounding effects of several covariates, and the overall findings of the study remained consistent after multivariate adjustments.
In conclusion, areca nut chewing significantly increased the risk of re-hospitalization among ACS patients; however, there is little evidence that it increased short-term mortality. Further evidence from large clinical studies is needed to validate our findings and to elucidate the biological mechanism underlying these observations.
